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▼ 

Chemical 
Mechanisms 



T 

Mechanical 
Mechanisms 



Photochemical 
reactive removal 
Photo- + thermo- 
chemical reactive 
removal 



Particle 

deformation 

Substrate 

deformation 

Energy transfer 

medium explosive 

evaporation 



/ 




Absorption 
Medium 


Particle 


ETM 


Substrate with ETM 


Substrate without 
ETM 


Removal 

ivlcUi Idi Hon ] 


Rapid thermal 
expansion of particle 


Explosive 

evaporation of ETM 


Microbubble 
formation at 
liquid/solid interface 


Rapid thermal 
expansion of the 
substrate 


Wd Vole;! ly Li 1 

1 
i 

! 


A<<Kartic!e Diameter 


A,»Particle Diameter 


A>Partide Diameter 


A,»Partide 
Diameter or 
A<Partic!e Diameter 

if Ctpanicle IS lOW 


Energy 
Absorption 




High asTM 


High asubstrate 


High asuostrate 


Substrate 
Damage 


-Melting/Ablation of 
Drtrtirip 


Shockwave, 


-Melting/Ablation of 

pdfULit; ur SUDSUcaie 

-Shockwave in 
ETM 


Melting/Ablation of 
particle or substrate 


Particle 

Removal 

Threshold 


O^^=0.01-0.08 J/cm-^ 
lth=1-11 MW/cm- 
D=20 urn 


ct)tf,=0. 65-2.2 J/cm-" 
lt^,=3-1 1 MW/cm^ 


a):h=0.02-0,3 J/cm" 
lth=2-500 MW/cm' 
1=0.03-20 ns 


Oth=0. 02-0.3 J/cm- 
lth=1-30 MW/cm' 
1=7-30 ns 
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